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PROCEDE ET DISPOSITIF POUR TUBER UN PUITS. NOTAMMENT 
UN PUITS DE FORAGE PETROLIER, OU UNE CANALISATION. 
AU MOYEN D»UNE PREFORME TUBULAIRE SOUPLE. 
DURCISSABLE IN SITU 

La prfsenie invenUon conceme un proaJd< pour tuber un puiis. notammeni 
un puits de forage pdtrolier. cu une canalisation, telle qu'un gazoduc ou un olfoduc par 
excmple. au moyen d'une pr6fotnie tubulaire souple. durdssable iiLMm. par exemplc 
thennodurctssable. 

L'invention conceme ^galement un disposiiif permeitant de metire en 
oeuvreceproc61d. 

Dans la prfsente dcscripUon. et dans les revcndications. on entendni par Ic 

tenne-tubcr-ractiondeconsoliderun puits. ou une canalisation, notamment en v-uede la 
rtfparer. en en rev€tant la paroi d un tube rigide. encore appel<f tubage ou chemisage. 

Par le ternie "pr^forme" on entendra une structure tubulaire qui est 
.mualemeni souple et dtformaWe et qui. une fois placie dans la zone du puits i consoli- 
der. est m«e en forme c>'Iindriquc. appliqufc contre la paroi du puits ou de la canalisa- 
tion. pu.s durcic pour se licr intimeinent et & demcure i cettc paroi. constituant ainsi le 
tubage ou chemisage. 

''^ '""^S*^ forage P^trolicr. ainsi que pour dcs applica- 

uons s.m,la,res. il a d6j4 ii6 propose des pr^fom.es tubulaires souples et durcis^Wes 
destinies 4 €tre mises en place a I'tot replid longitudinalemen. - €m dans lequd ellcs 
posscdcnt un cncombrement radial faibic - puis a Strt ddplito radialement. par applica- 
uon d un gonnage hydrauliquc interne. Selon cette technique, qui est notamment dccriie 
dans les documents FR-A-2 662 207 et FR-A-2 668 241. la priforme possfede. aprfcs 
dtfpl.einent (ou diploiement) radial, une forme strictement cylinddque. de diamfetre bien 
ddtermind 

Un autre type de priformc connu. qui fait notamment Tobjei de la 
demande de brevet intemaiionale WO-94/25655. au nom de la demanderesse possfcde 
une structure tubulaire qui comprend un tressage de mfeches souples. composdes do 
fibres, qu. s'emrccroisent avcc un certain jeu. de sone que la structure peuc s'cxpanscr 
radialemenl tout en se lestrcignant en direction a.xiale sous Tcffet de I'applicauon d'une 
surpression & I'ini^rieurde la pr^fonne. 

Ainsi. rexpanaon de la piifonne peut se faire en deux topes successives 
d abord par diplicmeni. puis par expansion radiale : on obUent ainsi un degriJ dex- 
P»ns.on ncemcnt supdrieur 4 ceux obtenus avcc les pr<Jfonnes souples memionnees plus . 
haul, cc qui pennet d'inttoduire la pr^forme dans le puits k tuber, et ramencr en la zone 
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souhail^. en la faisant tiaverser dcs ouveitures dc faiblc dimension, par cxcmplc dcs 
conduits rigtdes d6jk en place dans le puits. a>'ant un plus petit diam^tre int^cur. 

Cette technique connue est tits intdressante. dans la mesure ou die pennet 
dc boucher dcs pcrrofations apparaissant dans un puits dc production, sans qu*il faille 
5 retircr le tubage 66^ en place, cl par consequent sans "tucr le puits**. 

II est apparu n^moins des difficult^ pour mcttre en oeuvre cciie 
technique lorsque le puits est fonement d^vid. c'cst-Wire possMe un axe formant un 
angle 6\ev6 par rappon k la venicale. voire est horizontal. 

En effet, lorsque le puiis est vertical, ou scnsiblement venicai. la pr^rorme 
10 est naturellcment reculignc (sous refTct dc la graviid) et elle descend rcgiili^rcmcni dans le 
puiis au cours dc sa mise en place. Toutefois. eile risque d'au^ cndommag^; par suite dcs 
frottemcnts contre les parois du puiis ou les difT^rentes restrictions se irouvani sur son 
passage. 

En outre, si le puits est d^vi*. ou pr^nte des coudcs. la pr^forme sc 
15 d^fonme en raison dc sa souplcssc, cl sc positionnc incorrccicmcni dans Taxe du puits. ce 
qui provoque dcs frottemcnts. voire dcs risques dc blocagc au cours dc son cnfoncemcni. 

La mise en place de la pr^fonnc dans un puiis rortemcnt devie ou 
horizontal est done dfiicate. et meme impossible dans certaines connguiaticms. 

L'invention vise h rdsoudrc ce proUime. en proposant un proc^d^ de 
20 tubage d'un puits ou d'unc canalisation au moyen d'unc pr^formc tubulairc souplc. 
durcissabic in situ, qui puisse 6galcmcnt s'appliqucr sans proWimes k dcs puits ou dcs 
canalisaUons non verucaux ou ayant unc surface intcrieure risquant d'endommagcr la 
prdforme. 

Comme dans les proc6des connus. on introduit la prdforme dans le puits 
25 ou la canalisation k Pciat longiuidinalemcnt rcpli^, puis - lorsqu'ellc y a 6i6 conectemeni 
posilionncc - on la d6plic par gonflagc hydrauliquc pour lui donncr unc forme scnsible- 
ment c>iindrique, on Tappliquc contre la paroi du puits ou de la canalisation, et on 
provoque le durcissement de sa parc^. 

Le proc^d^ qui fait Tobjet de Pinvention est rcmarquablc par le fait 
30 qu'avant d*introduire la prf forme dans Ic puits ou la canalisation, on Tinste (provisoire- 
meni) dans un founrcau amoviHc. qui est rigidc ou scmi-rigidc en direction longiiudinalc, 
mais est dcformabic radialement, et qu*on met en place dans Ic puiis ou la canalisation la 
prfforme contenue dans son fourreau. ce dernier 6tanl ensuiic • en cours d'opcration - 
separg de la prtforme puis - en fin d*op6ration rctirf du puits ou de la canalisation. 

. ^ prtffonne se trouve done prisonnifere du fourreau, et souienue par lui. 
durani loutc la phase de sa dcsccntc dans Ic puits ou la canalisation Ainsi cctie descenic 
sc fait sans difficulids. meme si Ic puiis ou la canalisation est fonement devie, voire 
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honzoatal. ouprtscnte u„e surf^ de pa^i nsquant dabimcr la prtfomc. De prtftrc«:c 
lefo«aeauprtse„te«„ecenainenexibint^q„ja„u«sedcspa«x.u„«^^ 

^^""•"*^P'^«'«"«e«d«P«K:«^.oninsfc«laprtfonnepartielleme^^ 

<^'«rou„eau.dc.,,c««eq«esonex.^i..Hbce«ssonedece,u^ 

5 longueur. •wwhv 

nanion d .r^ *^ ''"P* ''^P"* '^'^^n'em uniqucmcnt la 

pomoadepr«ft»„.eq„.d<passedufoun«aa.«onrappliq„ec^^ 

dc^ ca„aI.sauonpo«rob.enir««czo„cdWg^ 

tracuonversl'amife(c-est^^reveR|asortiedupuit$). 

Dans cc cas. la d&olidarisalion de la pr^fonne par mpport au fourreau 
s op^re avancagcuse.cn. par suite du d.p,iemc„t nufia, de ,a poniJ^Tla p^Zc 

I expansion radiale de cette meme portion. 

L'invenUon conceme igalcmcnt un dispositif pour luber un puits 
nournmen. un puiu de fo«ge p6«>,icr. ou u„e canalisation, au moycn d'unc pr.fo Je 

'I'^onnablesousreffc.d'une^^^ 
longuudinalcmcmciundtatdifpli^sensiblcmcntcylindrique ""etatrepl.^ 
o«cd. ^ rcmarquablc par Je fait qu'il comportc un dquipcmen. de 

23 ~ '^""^ - ^^P"*' - - P-.'s. cct .qu-pe^en. 

«H«. ,e nu.de hyd^ulique sous pression n^ccssaire . son d.p,ien,ent. et. ,e 1 

b) un fourreau amovible solidaire de I'exirAniW dc la lige. t Pinidricur 
duection ong..ud.nalc. n«is es. d^foanablc n^^^^ 

prtfonnelorsquccelle<isetiouvear6iatd<plid. -eureacia 
PSiT ailleurs. scion un certain nombre de canict^ristiques additionnelles 
avanu«euses.nonlimitativcs del-invention: ™«"onnenes 
- Ic fourreau amovible est un tube fendu. apte H s'ouvrir pour iiberer la 
prcfonneaucoursdesondiplicment: pour.ioereria 
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- la prtformc est solidaire d'un manchon inidricur arrachaWc, radialcmcni 
expansible par gonflage hydrauliquc. i Tinlf rieur duquel est iniroduit Ic Hquidc hydrauli- 
que foumi par routillagc de pose el de contr5le cl servant k di^plicr la preforme, cc 
manchon ^tant d€gotd\6 cl s6par<5 de la prtfonne. en Fin d'opciauon, puis retire du puits 
ou dc la canalisation en mcme temps que rouullage el Ic Tourreau ; 

- la prtforme est Ihermoduncissable et, son chaurrage est r6alis^ par effei 
Joule, par rintcrrafdiaire d'un c&ble dectrique d6fonnable. cc dernier ^tani stocW sous 
un faiUe encombrement dans une douille qui csi intcrposdc entrc I 'extrtmii^ de la uge de 
commande et routillagc cl csl solidaire dudit rourreau amoviUc ; 

- cc dUc a une longueur senstblcmeni ^gale h cclle de la prfformc nixse en 

place ; 

• la prtforme cslddpliablc ci radialcmcni extensible ; 
" preforme comprcnd un iressage dc mfeches souples s'entrccroisant 
avcc un certain jcu, de lelle sone qu^clle pcul s'cxpanser radialemem tout en se rcslrci- 
gnani en direction axiale. Ic mat6riau constitulif dc la pnSforme 6tanl une r^ne polym^risa- 
Wc h chaud, dans laquelle est noy^ ledtt iressage ; 

- le manchon ini^rieur arrachablc, radialemem expansible, comprcnd 
^galemenl (comme la preforme) un iressage dc m&ches souples enirecrois^cs aptcs k 
s'cxpanser radialcmcni lout en se rcsireignanl en dirccuon axiile. et qui sonl emprison- 
nccs cnirc des peaux intdricurc el cxldricure souples, cenaincs desdites mtehcs dtant 
rcmplacdes par des fils conduclcurs d'^lcctnciuE, aptcs h chauffer la prfforme par cffct 
Joule, qui sonl connectds ^leciriqucmeni audit cSWe. 

D'auircs caractdrisiiques et avaniages dc rinvcniion apparaitroni de la 
descriplion cl des dessins annexes qui en reprdscnienl un mode de realisation prcfcrcniicL 
-5 Sur les figures : 

- la figure 1 est une \ ue g^n^rale schdmaiiquc d'une installation de tubage 
mctianl en ocuvre le proc&16 de rinvcniion : 

- la figure 2 est une vue g^n^ralc. paniellcmeni couple, dc rcquipement de 
pose dc la preforme; 

- la figure 3 rcprdsenlc un iressage de mtehes souples enirccroisces. 
constituUves dc la siniciure de la prtforme et du manchon qui sen k rexpansion de la 
preforme ; 

- la figure 4 est une coupe transversale schtfmauquc du manchon et dc la 
preforme k I 'aai longitudinalemcni repli6s : 

- la figure 4A est uqc vue analogue k la figure 4. rcpr^seniant rcnscmblc a 

I'ciaidcpli^; 
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- la figure 4B est une vuc analogue aux figures 4 et 4A r^-nr^c- . 
|-ensen.bleir6u«d^li6etiadialem««expa«*; ' 

- la figure 5 est une vue schtfmaUque. en coupe longitudinale rt. 
•^"^n.bleconsUtu.par.apnJfomiee.sonmanchonin^rteuranBcl^,^^^^^ 

. "''"«"''*"'""^^'^'*P'«?"nde6=henedeIazonedelapa«,idela 
prffomieetdu numchon qui estrtfdrenc^e VI a la figures • « F«o. de la 

^*"'^"''^"'«*''^'»'i?«<'«~nm,andel3estpour^ued-unequipemem 

.os.da„s.cfo««a«.etac«,,..,adoui,.e4.etd'u„epr.foj:eso.^^^^^ 
miseenplacedanslepuitepourleeonsolider. o«>«unft:aeire 

JO qu wtoure.c»mmecdaestddjiiconnuparleW0.94a5655d^ari./.. 

L'ensemble 7 est enserrd dans le fourrcau 6 r^-«.. r 

^5 amfere,contrcladouillc4. «HF"«iuc,|>arsaiacc 
Cci ensemble 7 est obtur^ ^ ^v»f^.«:*^ ^ . 
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conduit 30 qui le relic k routillagc 3. Cc dernier comprend des moyens apics h rcfoulcr i 
Pintdrieur du manchon. via le conduit 30, un (luide sous-pression foumi au disposiiif 
deptiis la surface. c'est-&-dire depuis la tate de puits 12 au moyen de la tige dc commande 
tubulaire 13. ou par pompagc du liquide du puits gricc 4 un dispositif de pompage 

5 conlcnu dans routillagc 3. 

Psar atlleurs. I 'installation comprend un cable diecthque 5, qui passe dans 
la tige tubulaire 13. ct est connect^ dectriquemcnt i rouullage 3. par I •inicnnddiaire d'un 
c4blc souple 50. Ce dernier est enrould ou replid sur tui-m&ne, pour prdsenter un faible 
encombrement, ct il est logd dans unc cavil* Tonmant rtoptadc prd\iie dans la douille 4. 

0 Lcs c&bles 5 et 50 serveni k alimenter en dlecuicii6. via rouiillagc 3, 

rensemble prdforme - manchon expanseur intdrieur, afin d'y gdndrer par effct Joule la 
chaleur ndcessaire au durcissement de la paroi dc la prf forme, comme cela sera cxpliqud 
plus loin, ainsi qu*i foumir Tdnergic de pompage de routillagc 3 et d'alimenier tous lcs 
systimes de contrOic ndcessaires dquipont cet outillage. 

5 Bicn entendu. le courant diectrique est foumi depuis la surface, a partir 

d'un gcndrateur situd k Tcxtdrieur du puits, relid au cible 5 aprfcs sa sonic du disposiUf 
10. 

Conune on le v«i sur la figure 2. rensemble 7 consiilud par le manchon 9 
ct la prdforme 8 n'est pas compl6tcmcnt insdrd k 1' intdiieur du fcAirtcau 6. 
0 On a d&ignd par la reference 71 la portion de cet ensemble qui se u^ouve k 

rinidricur du fourreau. ct par la rdfdrcncc 70 la portion ddpassanie. extdricure au 
fourreau. 

La partie extdrieure a unc longueur Lq sensiblcmcnt plus peiiic que la 
longueur L| dc la partie intdricure 71, A cet dgard, tl convicni de remarquer que ceiic 
5 partie 7 1 a dtd raccourdc artinciellcmcnt sur le dcssin (figure 2), pour nc pas en aff ectcr la 
lisibtlitd. 

A tiirc indicaiif. la longueur L© est dc rordre de Im. la longueur L| dc 
rordre dc 10 k 30m, ct la longueur L2, qui correspond au rcste de I'dquipcmeni (douille 
4 et outillage 3). dc I •ordre de 4m. 

3 Comme on le voit sur la figure 11, Ic fourreau 6 est unc cnveloppc 

tubulaire cylindrique fendue. c*esi-a-dire incomplfetcment fermcc. Cetie cnveloppc, 
realis^c par excmplc en radtal ou en mati^rc plastique. possMc unc certainc rigiditc 
longitudinalc. mais est facilcmenl d^formablc radialcment dans le sens dc son ou\ enure, 
comme on le comprend .ais^ment & la simple comparaison des figures 1 1 ct 1 1 A. 

> Dans unc variante. on pourrait relicr lcs bords en rjcgard de la feme dc 

I envcloppe par des attaches pouvant se rompre facilemcnt au-dcia d'un certain scuil dc 
prcsston interne. 
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^ prtKrence. Tcnveloppe es( rclaiivement flexible cc qui lui pennet lout 
en ngKl.f,ani convenablemcnt rensemWe 7 en diiecUon axiale. de su.vre des inyecioires 
non fcctilignes (coudes et courbes). par dffomatioa lalialt. 

Dans rexcmple iliustnS aux figures 3 i 6. la prtforme 8 ei le manchon 
mi^neur 9 possidenl «ous deux une struaurc similaire. compose d'un tressage de fibres 
souples entrecroiste (el que celui d^crit dans le document WO-S)4/25655 pr^dtf. 

^"'*«»^n<»'P°««««'«P«ter4cettepublication.donloflconsid6reni 
qu cllefa.ipart,edcIaprtsenie(fcscriptionpourinntena<ttU<mderArt^^^ lef 
alin^a, du Code de la Proprirftf Intellectuelle. 

r6pan.es c„ deux senes 700. et 700b entrelac6es. formant une stn.ctu« .ubulaire 
ddbnnable. 

^*'™«^'"«»*"t<«*«Pli&longitudinalemem.puis-sousreffetd'une 
P«ssK«,„,eme-«treWau,ond^c'est-Wi«confonn6eencyii„d«parddplte^^^ 

Si elle est ensuite soumise i une prcssion interne plus 6Iev<e. on obscrx e 
un deplacemem relaUf des deux s.nes de miches. ce qui entratne sim«lun6ment une 
expansion radiale et un raccourcissemenl longitudinal de la structure. 

/^•"***es«>"P««sonlfonntodc fibres a>^nt une bonne r&istance 

d annature ddformable pour la prtformeet/ou pour le manchon expanseurde la prtfoime 

^f'«'"*«^'4Aet4Breprisententre$pccUvementrensemble7ar<iat 
«pl.< lo„g.,ud.«.lement. pour pi^senter une dimension transversale faible. ce m^mc 

T V- ■ - ««« « cnfm ce m^me ensemble 

-r6f6renc6T -ai ^«at ladialement expanse. de diamfctre D, sensiblementsuperieur a D. 

Le diamitre et I expansibility radiale de la prtforme sont choisis pour que 
D2 coiresponde au diamitre de la zone h tuber. 

Comme le montrent les figures 5 et 6. la prtffonne tubulaire souple 8 
possMe une paioi 82. en matifcre inltialement fluide. dans laquelle sont nov^es des 
structures tubulaires concentriques lress6es 700. La maUire Huide est un'e resinc 
sjmhcque. thermoduncissable par polym^saUon » chaud. La prtforme est poun uc 

r "r ^" ^ * •'^^"^ons 801 et de 

rel.efs80. qui favorisenlson ancmge contre la parol du puits et amfliorcnt IWheit^ 

Q^o.« . ... ^ anachable 9. qui est appeW -matrice" dans le WO- 

94/25655 dejik atd. possMe une pcau int^rieure 91 et une peau ext^rieure 90. toutes deux 
enmatenausoupleet«astique.cnt,,^^^^^^ 

700. L 'nu^rfaccentrelapeauextemedumanchonetlaparoi interieure 91 de la pr^fonne 
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8 est irait^, par exemple par enduction de silicone, pour qu*it y ait peu d*adhcrence entrc 
ces deux parties. 

La pr^fonne 8 entoure intimement le manchon int^heur 9 qui. comme d6ja 
dii, est obtur^ h ses deux extr^mites. dc manibre ^tanche. par des bouchons 92. Le 
5 manchon 9 est fix^ k la prdrorme 8 au moyen de manchettes d*extr6mit6 93. qui 
poss^ent des zones afraibltes 94, susceptiUes de se rompre facilement L'introduction 
d'un nuide hydraultque t rintdrteurdu manchon, en vue de son gonflage et - corrdative- 
ment du gonflage de la pr^forme • se fait, comme d6j^ dit, par une tubulure 30 qui 
d^bouche dans le manchon et une ou plusieurs ouvertures 300 de passage du fluide. 
10 L*outi!lage 3 comporte une ou plusieurs vannes approprides. pouvant circ 

commandees depuis la surface, permetumt d'effectucr le gonflage et le ddgonflage du 
manchon. en contr6lant la pressson durani Topdration. ou un dispositif de pompage 
r6alisant la mtmc fonction au moyen du liquide du puits. 

Certaines des mtehes 700 du mandion sont remplac^es par des conduc- 
15 teurs ^lecuiques (fils chauffanls) relics 6!eclriqucmem au cfible 50, Ainsi. le chauffage du 
manchon int^rieur et. corr^lati vement. de la pr^fonne peut eire command^ aussi depuis la 
surface, par alimentation ^iectrique des cables 5 et 50. 

Nous allons maintenant ddcrire une operation de mise en place de la 
prdformc 8 dans une zone C du puits. 
20 L*enscmble 7 fornix par la prtforme el le manchon se trouvc h 1 '^lat repli^ 

longitudinalcment, tel que celui rcprdsentf aux ftgures 4 et 1 1. Dans cet ^tat, tl s*inscht 
dans un cylindre de diam^tre Do correspondanl sensiblement au diamiire intdrieur de 
Tcnveloppe fendue 6 (voir figure 11). 

Ce diam^tre Do est plus petit que le diam^re des diff^rents conduits ou 
25 autrcs restrictions R situds dans le puits. en arriire de la zone i tuber. 

Comme 66}k dit. seule une panic dc longueur r^uite. en Poccurrence la 
partie 70, de Tensemble 7 d6passe du fourreau 6. Par consequent, la pr^forme est 
soutenuc sur la plus grande partie de sa longueur et poss^de (avec son fourreau) une 
rigiditc suffisante pour autoriser sa progression rdguliire & Pinterieur du puits. m8me si 
30 cclui-ci est touilement ou en partie d^vi^. 

La tete de pose 2. et la pr^forme. vont done ctre poussees par la tige de 
commandc 13 dans le puits, et s*y enfoncer progrcssivement, comme cela est 5\*mbolise 
par la fl^he F aux Hgures 7 et 8. La tige creuse 13. de preference en acier. poss^e une 
bonne rigidite axiale, qui lui permet de pousser sans problime ia t£te 2 dans le puits. 
35 Neanmoins elle est suffisamment flexible pour suivre les coudes ou autres courbures du 
puits. 
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P«fon«.ons. ou .utrcs ouvenures O. q„-o„ sc p^posc de rccouvrir par Ic .ubagc c es^ 
a-dire par la preTonne polymtfrisee. 

*^*=««='*''"f°"<^<^'-'»««te2danslepuitsjorsquelapa«ied6passante70 
. --J-""-<ieI^desouve„ures0.posiUo„,ulco„«p^,^ 

n«„«.«,.H.^ appropri^s. connus en soi. sont prtvus. qui 

pemeitentdcrtaliserocbonposiUoniicmeiiL 

Par gonnagc hydtauHque interne. I. partie dtfpassanie 70. et cette paruc 

d,amiUeD2.qu,conespondaudiamitreint«rieurdupui.s. «• P"*^ P«ndre le 

Difftfrcnts moyens peuvent fiire prtvus pour que le drfpliement el 

lexpans,onn«lialesefassentprion.ai«me«tsurlaponio„70. P"*"*"' 

Ainsi. par exemplc. il est possible d'entourcr la partie 71 par des liens 

a„nu,a. res dont ,a r^isunce ..canique est suHisante pour e^p^er ,e d^^e d" 

cet.epor.onsousracUond'unepressio„i„tc™e„,od^..e.mais.ou.efoiss«ffi^^^^ 
provoquer la ddformaUon de la portion libre 70. 

avant des perforaUonsO (voir figure 9). • "PU'B.en 

L-augmenution dc la pression de gonflagc provoquc ia rupture des liens 
an u,a.res assucant ,a contenUon de .a portion 71. Ainsi. on obtil un d^pTe^enrr^lia 
ct unc ™«e au .ond de la port.on de pr.ror.e 71 . laquelle prend un dia^^e O.^:! 

Par suite de ce dipliement. le fouaeau fendu 6 s ouvre ct prend unc 
conf.gunu,onenforn,eg6,<nUedeU.,<«renc6e6-ilar.gure llA. 

II res'esoUdaire. parson extnJmitdaiTiire.de la douille 4. 

Ctans cette configurauon. le fourreau est fadlement extractible et ix:ui 

P^lanicheCilafigurens'accompagnedunemise sous .nation de la panic decSbIc 

La mise sous tension complete du c£ble 50 correspond au retnut complet 
dujoarr^u la longueur du cible .tant choi.e pour co.espondrc . la longueTr du 
Wboge. retrait se fa,t facilement. car la pr^forme est ancrde da« le puits 

or^fonne n " ^ -mplitement reur^ de la 

^<5fo™e on augmente la pression de gonflage. pour provoquer I'expansion radialc 

complete dcfensembleZquiprendlediamfctre (figure nMou. en se^cl!" 
axialcmenL M«g«re ij). lout en se raccourcissant 
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Touic la prfforme vicnt alors s'appliquer iniimement contre la paroi du 
puits C. en lecouvrant les perforations O. 

De maniire connue. tout en mainlenant le mancbon sous gonnagc 
hydraulique. on provoque alors la polymMsaUon par efTet Joule de la r^ne constiiuani 
5 la prtfonne. par alimentation flectrique des fils chauffants pr^vus dans le manchon. 

A Tissue de la polymdrisaUon, on digonHe le manchon 9. qui sc separe de 
la prtforme duicte - devenue lubage 8" - par rupture des mancheties 93 (figure 14). 

On eTfectue ensuite une nouvelie traction C ' sur la Uge 13. laquelle est 
toujours solidairede ladouiUe4 ei du fouireau ouvert6' ainsi que. par l'lntenn<diaire du 
10 caWeiendu 50, sur I 'outillage 3 etie manchon digonHd 9 (voir figure 15). 

L'ensemble pcut ttre ainsi retirt du puits. 

DifT6rcnies formes de fourreaux rigidificateurs amovibles pourraient €tre 
privues ; ce fourreau doit Stre d'une bonne rigidity longiiudinale tout en possMant la 
souplesse ntfcessaire k son passage dans un sas non lectiligne. II doit s'ouxtir fadlement 
pour iib^ier la prdfotroe et son ^paisseur doit etre faible pour limiter son encombiement 
radial. 

Par ailleurs il doit pouyoir se refermer lors de son passage ^ travers les 
restrictions R en vue de son enlivcmeni. grScc k une forme appropriee. par e.xemple 
l^gferement conique. • ■ 

Lediamitrc et PapUtudcJl ladilataUon radiale de la prfforme el. coirtlaUve. 
ment. du fourreau seront choisis en fonction des conditions r^llement rencontrte. et en 
paruculier du diamfetre de la zone de puits k tuber. A litre indicaiif. et non limitiitif. la 
dimension diam6trale Do de la prdforme k V6m repM pourra €ire do l ordrc de 60 a 
100mm. son diamitte D, "mis au rond" sera de I'ordre de 90 a 150mm. et son diametre 
25 Dj ft I'dtat expanse sera dePotdrede 170& 220mm. 

La technique qui fait robjet de la pr^nte invenUon s'applique a\-antageu- 
sement k une prtforme souple k la fois d(^iable et radialement expansible ; on ne sortirait 
toutefois pas du cadre de I'invenlion en Tappliquanl k des pr^formes simplcment 
dtfpliaUes. mais non extensibles teiles que celles dtoites par exeniple dans les documents 
30 FR-A-2 662 207 et FR-A-2 668 241 d^jft dtds. 

La poly-mdrisation de hi prtfotme n'est pas obligatoiremem faite par effet 
Joule. Hie pourrait etre obtenue par d'autres moycns de chauffage. en particulier par 
introducUon d un liquide chaud dans la prfforme. ce liquide pouvant du r«ste €tre le 
mtaie que celui qui sen & la gonfler. 

La poruon d'cxtrfmit^ libre. de la prfiforme. destinte a r^aliser son ancrage 
initial, pourraitavoir une d^fotmabilit^ plus giande que le reste de sa paroi. par exemple 
par adopuon d une <paisseur de paroi plus faible ou du choix d'une matiite diffirente. 
Ceci pcrmcttiaitdcs-affranchir des liens de contention dontil a it6 fait tot plus haul. 
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1 . ProcAld pour tuber uji puits. notainment un puiis de foiage pdtrolier 
ouuncca,«l,sauon.aum<vcndWpr<fonnembulaireso«plc.durcissable insitu selon 
lequd on intioduit la pr^fonne dans le puits ou la canalisation i I Yta. longit";i;i;,„em 
rcpl.e puis - lorsqu-elle y a eu correctcmcnt posiUonnic - on la d^plie par gonHage 
hydmulique pour l«i dom«r une fonnc sensiblemen, cylindrique. on I 'applique coo.« la 
pa««d«p«icsoudelacanalis«ionetoopcovoqueled«na,s«„e„tdesa^^^ 
par le fa., qu'avant d'introduire la prffonne (8) dans le puiu ou la ca^UisaUon. on 
■nsere dans un fourreau amovible (6). qui est rigide ou semi-riglde en direction 
Iong.tud.nale. ma.s es. d^formable nulialen,ent. et qu'on met en place Ls le puits ^ 1^ 
«nali«tion la pr^fonne (8, contenue dans son fourreau (6). ce dernier «an. ensuite 
afpanJ de la prtfonne (8) et ietir£ du puits ou de la canalisaUon. 

.R^ . *^^'*''"'*"^'«*'*^'°"^.«««<ris6parlefaitquelapr<f^^ 
(8) est .ns^r^e paniellement dans le founeau (6) de telle sone que son extrdmit^ lihe 
ressone de celui-ci sur une certaine longueur (L©) . 

»5 ^•''*^^'=^™"arevcndication2.caract(Jris<parlcfaitquedansun 
premier t«,ps on ddplie radialement uniquement la poruon de prtforme qui d^passe du 
founeau (6). e. on I 'applique contre la pa«« du puits ou de la canalisation, pour obtenir 
une zone d ancmge. aprts quoi on exirai t le founeau (6) par UacUon (O) vere I 'aniftre 

>n . . ^' '^'^ "^•^''^^''ons I * 3. caiact<,is< par le fait 

0 qu on uul.se une pr^Jformc (8) qui. apits d^pliemen. n»dial. et mise en fonne cMindrique 
est expansible radialement par gonnageh\tlraulique. ' ' 

■ -'•''^^s«»««»a«vendicalion4.caiact«riaJparlefaitqueladcsolidan. 
^uo„ dc la pr^forme (8) par mpport a« fo«rr«iu (6) s'opftre par suite du d^pliemem 
rad-al dc la poruon de la prtforme contenue dans le fourreau (6). apr*s quoi s'opirem 
^^r'"' ' ' «»e l^-ite poTn de 

6 . Dispositifpour tuber un puits. notamment un puits de forage pctrdier 
ou une canalisation au mo>^ d'une pr^forme tubulaire souplc. don. ^.^^^ 
thermodurcissable jnsUu . cette prfforme <tant radialement dtfomiaWe sous I 'elTet d'une 
preaion hydraulique interne entre un im repW longitudinalement et un dtolid 
senstbtement c>1i«lHquc. caract6is^ par le fait qu'il comporte un 6,uipement (2) de pose 
de la prtforme (8). mont^ a rpxtrtmil^ d une uge de commande tubulaire ( 13) desunfe i 
eire mtroduite dans le puits (P, ou dans la canalisation depuis une tete dc puits (P) eel 
^quipementcomprcnani: " 
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a) un outillage dc pose ct dc conirdlc (3) portant la prtfonnc (8), apic ^ 
fournir k cellc-ci le fluide hydraulique sous pression n^ccssairc k son ddplicmcni. ci 
I *energie thennique n6cessatre au durcissement de sa paioi ; 

b) un rourrcau amovible (6) sdtdaire de rcxir^miitf dc la uge (13). k 
5 rinicricur duquel est cnscrr6c au moins particllcment la pi^ormc (8). el qui est rigidc ou 

scmi-rigide en direction longitudinalc. mais est dtfonnable radialemcnl de sorte qu'il peut 
etre retirt dc la prfrormc (8) lorsquc cellc-d sc trouvc i I '^tat d<plid 

7 • Disposictr scion la revcndication 6. cmct6ris6 par le Tait que Icdit 
rourrcau amovible (6) est un tube fendu. h s'ouvrir pour lib^rer la prtformc (8) au 

10 couis de son d^pliemcnt 

8 • Disposilif scion Tunc dcs revendications 6 ou 7, caractdris^ par le fail 
que la pr^forme (8) est sdidaire d'un manchon inr^rieur arrachaWc, radialemcnl 
expansible. (9). k Ttnldricur duquci esc inlroduit le liquide hydraulique fourni par 
routillagc dc tubagc (3) et servant k ddplier la prdforaic (8), cc manchon (9) 6tant 

15 ddgonnd ct s€par6 dc la prtffonnc (8) en fin d*op6ration, puis rctirtf du puits ou dc la 
canalisation en memc icmps que Toulillagc (3) ct le founcau (6), 

9 • Disposilif scion Tunc dcs revendications 6^8. caractcrtse par le fail 
que la pr^fonne (8) est thermodurcissablc. son chauf fage ^ tani r^is^ par cffci Joule par 
rinicrmcdiairc d'un cfiblc dccirique difonnablc (50), cc demicr dtani stockc sous un 

20 faibic cncombremcnt dans unc douillc (4) qui est inteiposdc entrc I *cxtr^mit^ de la ligc de 
commande ( 13) el I •outillage (3) el est solidaire dudit founcau amoviWc (6). 

1 0- Disposilif scion la rcvcndicaiion 9. caract^ris^ par le fail que Icdit 
cable (50) a unc longueur sensiblement ^galc k ccllc dc la pr^fomc (8') misc en place. 

.1 Disposilif scion la revcndication 10, caractdrise par le fail que la 
25 prtfonnc (8) est ddpliabic et radialemcnl extensible. 

12, Disposilif scion la rcvcndicaiion 1 1, caracldrisd par le fail que la 
priforme (8) comprend un ircssagc dc mtehes souplcs (700) s'cnirecroisani avcc un 
certain jcu, dc telle sorte qu'cllc peui s'cxpanser radialemcnl tout en sc rcslrcignani en 
direction axialc, ie matdiiau constituUf de la prf forme diant unc rtonc (82) polNTnerisablc 
30 ^chaud. dans laquelle est noydledittressagc (700). 

13 i Disposilif scion Ics revendications Bk 12 prises en combinaison, 
caracierisc par le fail que Icdit manchon (9) comprend dgalemcnt un ircssagc dc m^ches 
souples cntrccroisdes (700) apics k s'cxpanser radialemcnl toui en se rcsireignani en 
dirccuon axialc* et qui sont emprisonnfes entrc dcs pcaux intcricurc (90) ci exierieure 
35 (91) souples, cenaines desdites miches dtant rcmplacdcs par dcs fils conducicurs 
d'dlcciriciid apics k chauffer la prf forme par cffci Joule, qui sont connecids diccuiquement 
audit cable (50). 
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METHOD AND DEVICE FOR CASING A WELL 
PARTICULARLY AN OIL WELL BORE OR A PIPE 
USING AN jNSfTU CURABLE FLEXIBLE TUBULAR PREFORM 



The present Invention concerns a method for casing a well, particularly an oil well bore or 
a pipe, such as a gas pipeline or an oil pipe line for example, using a flexible tubular prefom, that 
is curable in situ, for example by thermosetthg. 

The invention als6 concerns a device that enables this method to be implemented. 
In the present description and in the claims, the term "casing" will be understood as being 
the action of strengthening a well, or a pipe, particulariy for repairing it. and by lining the wall of a 
rigid tube, also called lining or cured-in-place pipe. 

The tenn "prefomi" is understood as being a tubular structure that is initially flexible and 
defomiable which, once placed in the area of the well to be strengthened, is made cylindrical in 
shape, applied against the wall of the well or pipe, then hardened so that it binds closely to and 
remains on said wall, thus comprising the lining or cured-in-place pipe. 

For casing an oil well bore, as well as for similar applications, flexible curable preforms 
have already been proposed that are intended to be installed when longitudinally folded - a 
condition in which they take up a small amount of space radially - then are radially unfolded by 
application of an internal hydraulic inflation. According to this technique, which in particular is 
described in the documents FR-A-2 662 207 and FR-A-2 668 241 . the prefom, has a strictly 
cylindncal shape of specifically detemiined diameter after being radially unfolded (or deployed). 

Another known type of prefomi. which is the subject of the international patent application 
WO-94/25655. in the name of the applicant, has a tubular structure of braided flexible strands 
composed of fibers, which are interlaced with a certain spacing so that the structure can be 
expanded radially while being restricted in the axial direction by the effect of the application of an 
overpressure inside the prefomi. 

Thus, the expansion of the prefom, can be done in two successive stages, fust by 
unfold.ng. then by radial expansion. In this way a degree of expansion is achieved that is dearty 
greater than those obtained with the above-mentioned flexible preforms, which allows the prefom, 
to be inserted into the well to be cased, and to take it to the desired area 
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by making it pass through small openings, for example rigid conduits already In place in the well 
and that have a smaller inside diameter. 

This known technique is very attractive in that it makes it possible to plug holes that 
appear In a production well, without having to withdraw the casing already in place, and 
consequently without "killing the well/ 

However, there are difficulties in implementing this technique when the well is highly 
deviated, that is. it has an axis fomirng a sharp angle to the vertical, and can even be horizontal. 

Indeed, when the well is vertical, or appreciably vertical, the preform is naturally 
rectilinear (under the effect of gravity) and it descends steadily down the welt while it is being 
installed. However, it risks being damaged by friction against the walls of the well or from the 
various restrictions found in the passage. 

Moreover, if the well is deviated or has elbows, the prefonm is defomned because of its 
flexibility, and it is positioned incorrectly in the axis of the well, which causes friction and even risk 
of blockage when it is being sunk. 

The installation of a preform in a highly deviated or horizontal well is therefore awkward, 
and even impossible in certain configurations. 

The invention Intends to solve this problem by proposing a method and device for casing 
a well or a pipe, using an in situ curable flexible tubular preform that can also be applied with no 
problem to non-vertical wells or pipes or those that have an interior surface that could risk 
damaging the preform. 

As with known methods, the prefonn is inserted into the well or pipe in the longitudinally 
folded condition. Then, when it has been property positioned, it is inflated hydraulically to give it 
an appreciably cylindrical fonri. it is applied against the wall of the well or the pipe, and its wall is 
cured. 

The method according to the invention is notable in that, prior to inserting the preform into 
the well or pipe, it is inserted (temporarily) into a removable sleeve that is rigid or semi-rigid in the 
longitudinal directk>n, but is radially deformable, and the preform contained in Its sleeve is placed 
inside the well or pipe, said sleeve then, during the operation, being separated from the prefomi, 
and at the end of the operation, being removed from the well or pipe. 

The preform is therefore enclosed in the sleeve during the entire phase of the descent 
into the well or pipe. Thus, this descent is done without difficulty, even if the well or pipe Is highly 
deviated, or even 
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horizontal, or has a wall surface that risks ruining the preform. Preferably, the sleeve has a 
certain flexibility that enables it to follow curved or elbowed routes. 

In one preferential mode of the method, the preform is partially inserted into the sleeve so 
that its fi-ee end emerges fifom the sleeve a certain distance. 

In this case, at first only the portion of preform protmding from the sleeve is radially 
unfolded and applied against the wall of the well or pipe to obtain an anchoring area, after which 
the sleeve is extracted by drawing it back (that is. toward the well head). 

This method applies particularly well to a preform which, after being radially unfolded and 
given a cylmdrical shape, is radially expandable by hydraulic inflation. 

In this case, the separation of the prefbnn from the sleeve is performed advantageously 
after the radial unfolding of the portion of the preform contained in the sleeve, after which the 
withdrawal of the sleeve and the radial expansion of this same portion are performed 
successively. 

The invention also concerns a device for casing a well, particulariy an oil well bore or a 
pipe, using a flexible tubular prefomn. the wall of which is thermosetting insitu. this prefomi being 
radially deformable under the effect of internal hydraulic pressure between a longitudinally folded 
condition and an appreciably cylindrical unfolded condition. 

This device is notable in that it has equipment for installing the preform, mounted at the 
end of a tubular control shaft intended to be Inserted into the well or the pipe from a wellhead, this 
equipment being composed of: ' ' 

a) an installation and control tool canrying the prefonn. suitable for providing the preform 
with the pressurized hydraulic fluid needed for its unfolding, and when applicable, its radial 
expansion, as well as the thermal energy needed for the thermosetting of its wall; 

b) a removable sleeve integral with the end of the shaft, inside which the prefomi is at 
least partially confined, and which is rigid or semi-rigid in the longitudinal direction, but is radially 
defomiable so that it can be withdrawn from the preform when the latter is in its unfolded 
condition. 

Moreover, according a number of additional advantageous, non-limiting characteristics of 
the invention: 

- the removable sleeve is a split tube, capable of opening to release the preform during 
its unfolding: 
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- the preform is integral with an interior extractable sleeve tube, radially expandable by 
hydraulic inflation, inside which is introduced the hydraulic liquid furnished by the installing and 
control tool and serving to unfold the prefonn, this sleeve tube being deflated and separated from 
the preform at the end of the operation, then removed from the well or pipe at the same time as 
the tool and the sleeve; 

- the preform is themiosetting and is heated by the Joule effect, by means of a 
deformable electrical cable that is stored in a small space in a shell that is interposed between the 
end of the control shaft and the tool and is integral with said removable sleeve; 

- this cable has a length that is appreciably equal to that of the installed preform; 

- the preform is unfoldable and radially extendable: 

- the prefomi has a braiding of flexible strands that are interlaced with a certain spacing, 
in such way that the prefonn can be radially expanded while being restricted in the axial direcHon, 
the material comprising the preform being a heat-curable resin in which said braiding is 
embedded; 

- the extractable interior sleeve tube, radially expandable, also (like the preform) has a 
braiding of interlaced flexible strands that can be radially expanded while being restricted in the 
axial direction, and which are enclosed between flexible interior and exterior skins, some of said 
strands being replaced by electrical conducting wires - that can heat the preform by the Joule 
effect - which are electrically connected to said. cable. 

Other characteristics and advantages of the invention will appear from the description 
and the attached drawings that represent a preferential embodiment thereof. 
In the Rgures: 

- Figure 1 is an overall diagrammatic view of a casing installaUon implementing the 
method of the invention; 

- Figure 2 is an overall view, in partial cross section, of the equipment for installing the 
prefonn; 

- Figure 3 represents a braiding of interlaced flexible strands that comprise the stmcture 
of the preform and of the sleeve tube that is used for the expansion of the preform; 

- Figure 4 is a diagrammatte transverse cross section of the sleeve tube and of the 
prefomfi in the longitudinally folded condition; 

- Figure 4A is a similar view to Figure 4. representing the assembly in the unfolded 
condition: 
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- Figure 4B is a view similar to Figures 4 and 4A. representing the assembly in the 
unfolded and radially expanded condition: 

- Figure 5 is a diagrammatic view, in longitudinal cross section, of the assembly 
comp(»ed of the prefontn and Its extractable interior sleeve tube; 

- Figure 6 is a larger scale detail of the area of the wall of the prefonn and of the sleeve 
tube that is referenced as VI in Figure 5; 

- Figures 7. 8. 9. 10, 12. 13, 14 and 15 are diagrammatic views similar to Figure 2 
intended to illustrate the different successive stages of the installation of a casing in an oil well 
bore according to the invention, by means of the installation of Figure 1 ; 

- Figures 11 and 11 A are transverse cross sections corresponding respectively to the 
aoss section plane XI of Figure 7 and XIA of Figure 10. «.ese views being intended to illustrate 
the way which the preform Is separated from its sleeve when it changes from the folded 
condition to the cylindrical condition. 

In Figure 1. the reference P designates the wall of an oil well bore, one section C of 
which must be cased; the wall C is for example a perforated bore. To access It. the restriction R 
must be passed through. 

The installation of casing, generally designated by reference 1. includes in a known way 
a wellhead 12. a flexible tubular control shaft 13 having an interior electrical cable, a guide sleeve 
tube 1 1 for tt,is Shaft, and a device 10 used to push the shaft 13 into the guide sleeve tube 1 1 and 
20 into the well P. 

The free end of the control shaft 13 is provided with prefomi installing equipment 
referenced 2. This equipment is composed essentially of a cylindrical shell 4 attached to the free 
end of the shaft 13. a stiffener sleeve 6 coaxial to the shell 4 and integral tt^erewith. an installation 
and control tool 3 housed in the sleeve and attached to the shell 4. and a flexible prefom, 8 
intended to be installed in the well in order to strengthen it. 

The prefom, 8 is carried by an extractable interior expander sleeve tube 9 which the 
prefom, encloses, as is already known by WO-94/25655 as cited above and as will be described 
further on In reference partfcularty to Figures 5 and 6. The prefom, 8/interior sleeve tube 9 
assembly, initially coherent, Is referenced as 7. 
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,^^"^^«""y^««"«^°«ed in thesleeveeandheldthereinbyfriction. This friction also 
holds the tool 3. which is applied by its rear face against the shell 4. 

This assembly 7 is closed at its ends by plugs 92. The plug 92 oriented toward the rear 
that IS toward the wellhead, has a 
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conduit 30 passing through it which is connected to the tool 3. This tool has means capable of 
forcing back inside the sleeve tube, via the conduit 30, a pressurized fluid supplied to the device 
from the surface, that is, from the wellhead 12 by means of the tubular control shaft 13. or by 
pumping the liquid from the well by a pumping device contained in the tool 3. 
5 Moreover, the facility has an electric cable 5 which passes into the tubular shaft 13 and is 

electrically connected to the tool 3 by a flexible cable 50. The latter is wound or folded so that it 
takes up little space, and it is housed in a cavity fonmed in the shell 4. 

The cables 5 and 50 are used to supply electricity, via the tool 3, to the preform - interior 
expander sleeve tube assembly, in order to generate by the Joule effect the heat required for 
10 curing the wall of the preform, as v^ll be explained further on, as well as to fumish the pumping 
energy for the tool 3 and to supply all of the necessary control systems equipping this tool. 

Of course, the electrical current is supplied from the surface, by a generator situated 
outside the well, connected to the cable 5 after it exits the device 10. 

As can be seen in Figure 2, the assembly 7 composed of the sleeve tube 9 and the 
1 5 preform 8. is not completely inserted inside the sleeve 6. 

The reference 71 designates the portion of this assembly that is located inside the sleeve, 
and reference 70 designates the portion that protrudes outside the sleeve. 

The extemal part has a length U that is appreciably smaller than the length Li of the 
interior part 71, In that respect, it should be noted that this part 71 has been artificially 
20 foreshortened in the drawing (Figure 2), in order not to affect the legibility. 

By way of example, the length U is on the order of 1 meter, the length Lt on the order of 
10 to 30 meters, and the length L2, which corresponds to the rest of the equipment (shell 4 and 
tool 3), on the order of 4 meters. 

As can be seen in Figure 1 1 . the sleeve 6 is a cylindrical tubular jacket that is split, that is. 
25 not completely closed. This jacket, which for example can be made from metal or plastic, has a 
certain longitudinal rigidity, but is easily deformable radially in the direction of its opening, as can 
be easily understood by comparing the Figures 1 1 and 1 1 A. 

In one variation, the edges faring the split of the jacket can be joined by fasteners that 
can break easily when a certain threshold of Internal pressure is exceeded. 

30 
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Preferably, the jacket is relatively flexible, thus allowing it to follow non-rectilinear paths 
(elbows and curves) by lateral defomiation. while still advantageously stiffening the assembly 7 in 
the axial direction. 

In the example illustrated in Figures 3 to 6. the prefonn 8 and the interior sleeve tube 9 
both have a similar stnjcture. composed of braided flexible intertaced strands as described m the 
above-mentioned document WO-94/25655. 

If needed, reference can be made to this publication, which shall be considered to make 
up part of this description by interpretation of Article L.612-5. 1st paragraph, of the intellectual 
Property Code. 

It will be seen, in refemng to Figure 3, that the flexible strands are distributed in two 
intertaced series 700a and 700b, forming a deformable tubular structure. 

The structure can be folded longitudinally, then - under the effect of an internal pressure 
- 'made round," that is, formed into a cylinder by unfolding. 

If it is then subjected to a higher internal pressure, a relative displacement is observed of 
both series of strands, which simultaneously results in a radial expansion and longitudinal 
shortening of the structure. 

The flexible strands are formed from fibers having good mechanical tensile strength, for 
example carbon or glass fibers, and they act as defomiable reinforcement for the prefomi and/or 
for the prefbmi's expander sleeve tube. 

Figures 4. 4A and 4B represent respectively the assembly 7 in the longitudinally folded 
condition in order to have a small transverse dimension, this same assembly - referenced 7' - 
made round with diameter D,. and finally this same assembly - referenced 7" - in the radially 
expanded condition with diameter Dj appreciably greater than D,. 

The diameter and the radial expandability of the preform are chosen so that D; 
con-esponds to the diameter of the area to be cased. 

As Figures 5 and 6 show, the flexible tubular preform 8 has a wall 82. made of a material 
that is initially fluid, in which braided concentric tubular structures 700 are embedded. The fluid 
material is a synthetfc resin that is themiosetting by the heat-cure method. The prefom, is 
provWed with an external skin 80 having an exterior face furnished with depressions 801 and 
reliefs 802 which promote its anchoring against the wall of the well and improve the seal. 

The extractable interior sleeve tube 9. whfch is called 'matrix- in the above^nentioned 
WO-94/25655. has an interior skin 91 and an exterior skin 90. both of which are made of a 
flexible and elastic material, between which the braided defomiable structure 700 is located. The 
interface between the external skin of the sleeve tube and the interior wall 91 of the preform 8 
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is treated, for example by coating with silicone, so that there is little adherence between these two 
parts. 

The preform 8 closely sun-ounds the internal sleeve tube 9 which, as already mentioned. 
Is sealably closed at both ends by plugs 92. The sleeve tube 9 is attached to the prefomi 8 by 
means of end collars 93. which have weakened areas 94 that can break easily. The introduction 
of a hydraulic fluid into the sleeve tube In order to inflate it - and con-elatlvely to Inflate the 
preform - is accomplished, as was already mentioned, by tubing 30 the end of which opens into 
the sleeve tube and one or more fluid passage openings 300. 

The tool 3 has one or more suitable valves that can be Controlled from the surface, 
making it possible to inflate and deflate the sleeve tube by controlling the pressure during the 
operation, or a pumping device perfomriing the same function by means of the well liquid. 

Some of the strands 700 of the sleeve tube are replaced by electrical conductors (heating 
wires) electrically connected to the cable 50. Thus, the heating of the internal sleeve tube, and 
conrelatively of the preform, can also be controlled from the surface by electrical supply of the 
cables 5 and 50. 

We shall now describe an operation to install the prefomi 8 in a section C of the well. 

The assembly 7 formed by the prefomi and the sleeve tube is In the longitudinally folded 
condition, as represented in Figures 4 and 11. In this condition, it represents a cylinder with a 
diameter Do that appreciably corresponds to the inside diameter of the split jacket 6 (see Figure 
11). 

This diameter Do is smaller than the diameter of the different conduits or other 
restrictions R located in the well, behind the area to be cased. 

As was already mentioned, only one part of the reduced length, in this instance the 
part 70. of the assembly 7 protrudes from the sleeve 6. As a result, the prefomi is supported for 
most of Its length and it has (with its sleeve) sufficient rigidity to allow it to progress steadily inskje 
the well, even if the well is totally or partially deviated. 

The installation head 2. and the preform, are therefore going to be pushed by the control 
shaft 13 in the well, pushing in progressively as symbolized by the arrow F in Figures 7 and 8. 
The hollow shaft 13. preferably of steel, has good axial rigidity which allows It to push the head 2 
In the well with no problem. However, it is suffidentiy flexible to follow the elbows or other curves 
of the well. 

The wall of the well or pipe C has a certain area of perforations, or other openings O. that 
are to be covered by the casing, that Is, the cured prefomi. 

The pushing of the head 2 Into the well is stopped when the protruding part 70 reaches 
just beyond the openings O. which position corresponds to the one illustrated In Figure 8. 

Appropriate means of control, known in the art. are provided in order to accomplish this 
proper positioning. 
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By internal hydraulic inflatton. the protmding part 70. and only this part, is first rounded 
out, then radially expanded to the dianrieter D,. which corresponds to the inside diameter of the 
well. 

Different means can be provided in order for the unfolding and radial expansion to be 
accomplished first on the portion 70. 

Thus, for example, it is possible to enclose the part 71 by ring-shaped ties the 
mechanical strength of which is sufficient to prevent the unfolding of this portion under the action 
of a moderate intemal pressure, but still sufficient to cause the deformation of the free portion 70. 

Thus an anchoring is obtained of the portion 70 against the wall of the well, in front of the 
perforations O (see Figure 9). 

Increasing the inflation pressure causes the breakage of the ring-shaped ties that contain 
the portion 71. Thus, a radial unfolding and rounding of the prefomi portion 71 is achieved, which 
has a diameter Di (see Figure 10). 

Following this unfolding, the split sleeve 6 opens and takes a generally U-shaped 
configuration, referenced as 6' in Figure 11 A. 

It remains integral, by its rear extremHy. with the shell 4. 

In this configuraUon. the sleeve is easily extractable and can slide on the rounded 
prefomi by pulling it backwards. This pulling, symbolized by the arrow G in Figure 12. is 
accompanied by placing the part 50 of the cable under tension. 

The complete tensioning of the cable 50 corresponds to the complete withdrawal of the 
sleeve, the length of the cable being chosen to correspond to the length of the casing. The 
withdrawal is done easily because the prefomi Is anchored in the well. 

Once the defomied sleeve 6" has been, completely removed from the prefonn. the 
•nflation pressure is inaeased to cause the complete radial expansion of the assembly 7. which 
assumes the diameter (Figure 13), while becoming shorter axially. 
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The whole of the preform is then applied closely against the wall of the well C. covering 
the perforations O. 

In a known way» while maintaining the sleeve tube under hydraulic inflation, the Joule 
effect is used to cure the resin the prefonn is made of. by supplying electricity to the heating wires 
provided in the sleeve tut>e. 

Upon completion of the curing, the sleeve tube 9 is deflated and separated from the 
hardened prefonm - which has become casing 8' - by breaking the collars 93 (Figure 14). 

New tension G' is then placed on the shaft 13. which is always integral with the shell 4 
and the open sleeve 6' so that, by means of the tightened cable 50 on the tool 3 and the deflated 
sleeve tube 9 (see Figure 1 5). 

The assembly can thus be removed from the well. 

Different forms of removable stiffener sleeves could be provided: this sleeve should have 
good longitudinal rigidity while having the necessary flexibility for passing through a non- 
rectilinear chamber. It must open easily to release the prefonm. and its thickness must be small to 
limit the amount of radial space it requires. 

Moreover, it must be able to close up during its passage through the restrictions R in 
order to remove them, due to an appropriate shape, for example slightly conical. 

The diameter and the suitability for radial expansion of the preform, and con-elatively of 
the sleeve, will be chosen based on the conditions actually encountered, and in particular on the 
diameter of the area of the well to be cased. By way of non-limiting example, 'the diameter Dp of 
the preform when folded may be on the order of 60 to 100 mm. its "rounded" diameter Di will be 
on the order of 90 to 150 mm. and its expanded diameter Dj will be on the order of 170 to 220 
mm. 

The technique covered by the present invention is applied advantageously to a flexible 
prefonn that can be both unfolded and radially expanded; however, it would not be beyond the 
scope of the invention to apply it to prefomns that can simply be unfolded but can not be 
expanded, such as those described, for example, in the above-mentioned documents 
FR-A-2 662 207 and FR-A-2 668 241 . 

The curing of the preform is not necessarily done by the Joule effect. This could be 
achieved by other heating means, in particulariy by introducing a hot liquid into the preform. This 
liquid could be the remainder of the liquid used to inflate. 

The portion of the free end of the preform, intended to provide for its initial anchoring, 
could have a greater deformat)ility than the rest of its wall, for example by adopting a lesser wall 
thickness or choosing a different material. This would make it possible to release the ties 
mentioned above. 
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CLAIMS 

1. Method for casing a well, partlculariy an oil well bore or a pipe, using an insiiu curable 
flexible tubular preform, according to which the preform is introduced into the well or pipe in the 
tongitudinally folded condition, then - when it has been properly positioned - it is inflated 
5 hydraullcally to give it an appreciably cylindrical form, it is applied against the wall of the well or 
the pipe, and its wall is cured, characterized by the fact that prior to inserting the preform (8) into 
the well or the pipe, it is inserted into a removable sleeve (6) that is rigid or semi-rigid in the 
longitudinal direction but is radially defomiable. and the prefomi (8) contained In its sleeve (6) is 
placed inside the well or pipe, said sleeve (6) then being separated from the preform (8). and 
1 0 removed from the well or pipe. 

2. Method according to daim 1. characterized by the fact that the preform (8) is partially 
inserted into the sleeve (6) so that its free end emerges therefrom a certain distance (U). 

3. Method according to daim 2. characterized by the fact that at first only the portion of 
preform protruding from the sleeve (6) is radially unfolded and applied against the wall of the well 

1 5 or pipe to obtain an anchoring area, after whteh the sleeve (6) is extracted by drawing (G) it back. 

4. Method according to any of daims 1 to 3. characterized by the fact that a prefonn (8) is 
used that, after being radially unfolded and given a cylindrical shape, is radially expandable by 
hydraulic inflation. 

5. Method according to daim 4, characterized by the fact that the separation of the 
20 prefomr, (8) from the sleeve (6) is perfomied after the radial unfolding of the poAion of the prefom, 

contained in the sleeve (6). after whid, the stripping of the sleeve (6) and the radial expansion of 
this same portion of the prefonn are performed successively. 

6. Device for casing a well, particulariy an oil well bore or a pipe using a flexible tubular 
prefomi the wall of whid, is themiosetting insfty. this prefom, being radially defomiable under the 
effect of internal hydraulic pressure between a longitudinally folded condition and an appredably 
cylindrical unfolded condition, diaracterized by the fact that it has equipment (2) for installing the 
prefom, (8). mounted at the end of a tubular control shaft (13) intended to be inserted into the well 
(P) or the pipe from a wellhead (12). this equipment being composed of: 
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a) an installation and control tool (3) carrying the preform (8). suitable for providing the 
preform with the pressurized hydraulic fluid needed for its unfolding and the thenmal energy 
needed for the thermosetting of its wall; 

b) a removable sleeve (6) integral with the end of the shaft (13). inside which the preform 
(8) is at least partially confined, and which is rigid or semi-rigid in the longitudinal direction, but is 
radially defomoable so that it can be withdrawn from the preform (8) when the latter is in its 
unfolded condition. 

7. Device according to claim 6, characterized by the fact that the removable sleeve (6) is 
a split tube, capable of opening to release the preform (8) during its unfolding. 

8- Device according to either of claims 6 or 7. characterized by the fact that the prefomi 
(8) is Integral with an interior extractable radially expandable sleeve tube (9), inside which is 
introduced the hydraulic liquid fumished by the casing tool (3) and serving to unfold the prefonn 
(8), this sleeve tube (9) being deflated and separated from the prefonn (8) at the end of the 
operation, then removed from the well or pipe at the same time as the tool (3) and the sleeve (6). 

9. Device according to any of claims 6 to 8. characterized by the fact that the preform (8) 
is thermosetting and is heated by the Joule effect, by means of a defomiable electrical cable (50) 
that is stored in a small space in a shell (4) that is interposed between the end of the control shaft 
(13) and the tool (3) and is integral with said removable sleeve (6). 

10. Device according to claim 9. characterized by the fact that the cable (50) has a length 
that is appreciably equal to that of the installed preform (8'). 

11. Device according to claim 10, characterized by the fact that the prefonn (8) is 
unfoldable and radially extendable. 

12. Device according to claim 11, characterized by the feet that the preform (8) has a 
braiding (700) of flexible strands that are interiaced with a certain spacing, in such way that the 
prefonn (8) can be radially expanded while being restricted in the axial direction, the material 
comprising the prefonn being a heat-curable resin (82) in which said braiding (700) is embedded. 

13. Device according to claims 8 to 12 taken in combination, characterized by the fact 
that the said sleeve tube (9) also has a braiding (700) of interiaced flexible strands that can be 
radially expanded while being restricted in the axial direction, and which are enclosed between 
flexible interior (90) and exterior (91) skins, some of said strands being replaced by electrical 
conducting wires that can heat the preform by the Joule effect, which are electrically connected to 
said cable (50). 



[see original for figures] 
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